Abstract. This paper proposes an adaptive filter structure and implementation method which based on operational transconductance amplifier (OTA) and the current controlled conveyor (CCCII). After preprocessing and shaping, it can generate a frequency signal, which be converted into current signal I B by the F/I circuit. I B is as the bias current of the filter to control the filtering frequency. The multifunction filter current-controlled is constructed using two CCCII, one OTA, and some capacitors. The filter has low-pass, high-pass, and band-pass function. So that frequency of the filter can automatically track the input signal frequency. This paper describes the principles, the composition, design and implementation of adaptive CCCII-OTA filter. When the frequency of the input signal changes at a wide range from 10kHz to 5MHz, the theoretical values of the filter are in good agreement with the experimental results.
Introduction
Adaptive filter has a wide range of applications [1] . So far, the study of adaptive filter is centered on two aspects: digital filter and analog filter. Digital adaptive filters are accomplished mainly through DSP or FPGA and other hardware platform [2, 3] . However, its processing speed can't satisfy the high frequency application. Analog adaptive filters have two implementation methods. One method is to use existing monolithic filter chip, such as MAX26X, MAX29X, which combines switched capacitor filter with phase-locked loop technology [4, 5] , or controls frequency of filter by changing the clock frequency. Another method is to use frequency-voltage converter, which combines analog multiplier and current feedback operational amplifier. It uses voltage to control the filter so as to track filter's frequency [6, 7] .
Aiming at the filter signal processing speed is not high, and the scope of the frequency tracking is narrower and other shortcomings, some improvement methods were proposed [8, 9] . The CCCII and OTA are used widely in the design of filter [10, 11] . This paper proposes an adaptive filter structure which based on the F/I circuit and CCCII-OTA. The input signal is amplified and shaped. It is converted into a current signal by F/I circuit. The key point is based on the CCCII-OTA to design a filter whose filtering frequency can be controlled by the current. It discusses the principles, design, and implement method of the filter.
The system composition and working principle Fig. 1 The system structure diagram 3rd International Conference on Mechatronics and Industrial Informatics (ICMII 2015) The system structure diagram of the adaptive filter is shown in Fig.1 . V i is the input signal, Io is the output of the filter. The amplifying circuit amplifies the input voltage signal for shaping and V/I circuit using. The shaping circuit can convert the input signal into a corresponding square wave with the same frequency f i ; F/I circuit converts f i to a output current I B . It has a linear relationship between f i and I B , and it can indirectly obtain the frequency of the input signal by measuring I B . Thus it achieved a DC current which varies with the frequency of the input AC signal. The I B is as the bias current of multifunction filter which is composed by CCCII, OTA, and some capacitors. The filter's frequency is controlled by its bias current I B .
In Fig.1 by other route signal through V/I circuit which is converted the voltage signal into a corresponding current signal. Then it inputs directly into the filter designed.
So in Fig.1 the input signal is amplified and shaped. It is converted into a current signal I B by F/I circuit. I B is as the bias current of the filter to control the filtering frequency. That is, the filtering frequency can follow the input signal frequency change. So as it achieves adaptive filtering function.
Frequency-current converter circuit
Signal conditioning circuit mainly includes amplifying circuit and limiting circuit. It consists of AD811, capacitors and resistors. It is used to amplify a weak input signal for shaping circuit using. Its frequency range is up to 30MHz.
Since the F/I circuit requires a pulse signal, so it needs to shape the input signal. The shaping circuit is shown in Fig. 2 , which is composed of MAX903, capacitors and resistors. V ref is the reference voltage, V i is the input signal, V 1 is the output signal and it is as the input signal of F/V. (1) Where R s = R s1 + R s2 . According to the OTA relationship between voltage and current, I B is the product of V f and transconductance gain g m , to combine Eq.1 it can obtain: BLttis (2.09). m IRRCgfR = (2) As long as a reasonable adjustment capacitance, resistance values, Eq.2 shows that the output current I B and input frequency f i has a linear relationship.
CCCII-OTA-based second-order filter design
Current-mode circuit of CCCII-OTA can solve some problems of the voltage-mode circuit. It has better performance in the dynamic range, bandwidth, speed, and so on.
Second-order filter not only can be applied directly, but also can be cascaded as high-order filters. Second-order circuits are often called double integral circuit, which can obtain all-pass filter and band-stop filter by using high-pass output, low pass output and band-pass output. Also, it can achieve multi-functional filtering through combining high-pass, low-pass and band-pass filter's transfer functions. The filter composed by CCCII-OTA which is shown in Fig. 4 .
Fig. 4 Filter consisting of CCCII-OTA
To use port characteristics CCCII-OTA, it can get the following equations:
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By the Eq.3~5, it can obtain:
The ω o is filtering frequency, Q is quality factor. If R X1 = R X2 = R X , C 1 = C 2 = C, The Eq.6 and Eq.7 can be written as:
To adjust the value of Q by C 1 and C 2 , ω o can be controlled by R X , and R X can be controlled by the bias current, therefore ω o and Q can be adjusted independently. V T = 26mV, R X is parasitic resistance of X port of CCCII. By the formula:
oBT (2)() fIVC ωππ == .
(11) By the Eq.2 and Eq.11, it can be seen that changing I B can effectively change the output frequency f o . It is able to achieve frequency adaptive function. oLtts (2)()(2.09)(). BTmiT fIVCRRCgfVCR ωπππ === (12) If suitable parameters of resistors and capacitors be selected, then it can get: oLPHPBPi . fffff ==== (13) The Eq.13 shows that the frequency of the filter designed can follow input signal change. That is the filter has adaptive tracking ability.
Experimental results
The circuit structure of second-order adaptive filter was made of double-sided PCB. It carried out the actual board fabrication and measurement. The power voltage is ± 5V, PMOS and NMOS transistors used are IRF9530NPBF and SVF2N60F. The parameters are selected, R t = 910Ω, R L = 762Ω, R s = 14.75kΩ, C t = 10nF, g m = 249.6uS, C=3nF. The current amplitude and frequency of the test point can be recorded by observing the output waveform of band-pass filter through adjusting the frequency of signal source. The comparison of measurement and theoretical amplitude-frequency characteristic curves is shown in Fig. 5 . The theoretical values were simulated by Cadence16.3. Fig. 5 The frequency response of band-pass filter Table 1 shows second-order CCCII-OTA adaptive band-pass filter test results. In which f i is the signal frequency and f o is the center frequency of the filter designed. The frequency relative error δ f is not more than 4.0%. It shows that the filter designed has frequency tracking function. That is the frequency of the filter can follow the input signal to change, the filter has an adaptive ability. For the space limiting only band-pass filter experimental results are given. In fact, for low-pass, high-pass filtering function test, the conclusion is as same. 
Conclusions
The method of the filter designed and implementation is described. By the amplifying, shaping, and F/I circuit the input signal is converted into a DC current I B which has a linear relationship with signal frequency f i . The current is used as bias current to control the frequency of multifunction filter which is constructed based on the CCCII-OTA. The transfer function of the filter is derived. Because frequency of the filter can be controlled by changing bias current of CCCII-OTA, so it is able to get filter's frequency tracking and to achieve adaptive filtering. The scheme is proposed, at the same time, the hardware circuit is designed. The test results for band-pass function of the filter designed are in good agreement with the theoretical value, it shows that the filter can automatically track signal frequency. And it proved the correctness and feasibility scheme of the filter design.
